Barringtonia racemosa fruits are believed to be useful in cancer treatment in Ayurveda, the Indian system of medicine. In present study, bartogenic acid (BA), a triterpenoid constituent of Barringtonia fruits was evaluated for its cytotoxicity property using the human skin carcinoma cell line (SCC-13) and human peripheral blood mononuclear cells (PBMC). The chemopreventive efficacy of BA was evaluated against the DMBA/Croton oil-induced skin carcinogenesis in mice.BA was orally administered at the doses of 1, 2 or 4 mg/kg/day or applied topically every day for 12 weeks following DMBA application. The in vitro data from cell lines revealed that BA induces cytotoxicity against the SCC-13 cells (IC50=7.5 µM). It was found 4.05 times more selective to exert cytotoxicity against SCC-13 as compared to the PBMC (IC50=30.4 µM). The in vivo datacollected from mice model of DMBA/Croton oil-induced skin carcinogenesis revealed that BA administered orally or applied topically, both reduced the precancerous skin lesions andthe incidence of tumor bearing. The oral doses of BA (2 and 4 mg/kg) and topical treatment significantly reduced the incidence and number of skin papillomas. At these doses, BA also increased the activities of catalase and superoxide dismutase and induced an increase in glutathionecontent and inhibited lipid peroxidation in the skin. These findings reveal the chemopreventive efficacy of BA and also demonstrate that it contributes to the cytotoxic and antioxidative effects of Barringtonia racemosa fruits. The study also validates the traditional claims of Barringtonia fruits and provides a scientific basis of its chemopreventive property.
Introduction
Cancer is the second foremost non-communicable disease subsequent to the cardiovascular diseases and emerged as a serious illness worldwide. Parallel to the rising epidemic in developed world, cancer is one among the highly rising diseases in developing countries including India [1] . The cause of majority of the cancers are genetic predisposition and exposure to the environmental pollutants such as excessive tobacco or alcohol, exposure to harmful chemicals and radiations [2] , which leads to either internal factors such as spontaneous mutations, hormones and nutrient metabolism in the body or by external stimulators [3] . Among different types of cancers, skin cancer is one of Ivyspring International Publisher the most common forms of human cancer [4] . Every year almost around 1.2 million new skin cancer cases are diagnosed in the United States [5] .
The animal models used to recapitulate human skin cancer are based on the induction of skin cancer by several environmental chemicals. One of the potent skin carcinogen is 7,12-Dimethylbenzene[a] anthracene (DMBA) that is routinely employed in preclinical studies for understanding the pathogenesis of skin cancer and evaluation of novel therapeutic agents. Repeated topical exposures to DMBA along with a promoter agent like croton oil lead to the development of skin tumors [6] . This two stage skin carcinogenesis model is considered a suitable model to evaluate the effect of test drugs on the tumor growth at different stages of its induction and progression [7] .
Barringtonia racemosa Roxb. (Lecythidaceae) is widely reported to possess anticancer and chemopreventive properties. The methanolic extract of seeds of Barringtonia racemosa administered intraperitoneally at the dose of 6 mg/kg showed to prevent the Dalton's lymphoma ascetic tumors in mice. However, the constituents responsible for such potent antitumor property remain unidentified and unknown [8] . The ethanolic extract of leaves of this plant showed cytotoxic activity against HeLa cell line [9] . The fruits of B. racemosa are widely used by some tribes in India for the treatment of tumors [8] . The fruits are reported to possess multiple activities including anti-inflammatory, anti-nociceptive, anti-oxidant, cytotoxic, antifungal and antibacterial [10] . A prior investigation carried out by us revealed that the BA, a principal component of B. racemosa possesses potent immunosuppressant and antiarthritic activities [11] . The present study was aimed to investigate the chemopreventive potential of BA in vitro using human skin carcinoma cell line (SCC-13) and human peripheral blood mononuclear cells (PBMC). Further, the chemopreventive efficacy of BA was evaluated in vivo using mice model of DMBA/Croton oil-induced two-stage skin carcinogenesis.
Materials and methods

Chemicals
Bartogenic acid (Catalogue number: 79355-89-8) was procured from Gamay Industrial Technology Co. Ltd., China. DMBA, Croton oil, 5, 5'-dithiobis-2-nitrobenzoic acid (DTNB), glutathione (GSH),superoxide dismutase, catalase, NADPH (nicotinamide adenine dinucleotide phosphate, pyrogallol, thiobarbituric acid (TBA), bovine serum albumin (BSA) were procured from Sigma Chemicals, MO, USA. All the other chemicals used were of analytical grade.
Experimental animals
Swiss albino mice (23-25 gm, 6-8 weeks) were obtained from National Institute of Nutrition, Hyderabad, India and housed in cages. The animals were acclimatized for one week prior to the start of the experiment. The animals were kept housed in climate controlled facility at standard laboratory conditions such as temperature 24±2°C, humidity 55±5%, with a photoperiod of 12 h light/12 h dark cycle. They were provided water ad libitum and all time access to the pellet diet available commercially available from Amrut feed, Pune, India. The experiments were performed in accordance to the experimental protocol approved by the Institutional Animal Ethical Committee (Protocol approval no. RCPIPER/CPCSEA/2010-11/9) that confirms to the guidelines of Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA), Ministry of Environment, Government of India, India.
Experimental design
For this study, the mice which were the resting phase of the hair cycle were divided into six groups, each containing 12 mice. These groups were assigned to different treatments as follows:
Group I (Control): This group of animals served as vehicle control received topical application of acetone (100 μL/mouse) on the shaved area of the skin and 0.5% Tween 80 (10 ml/kg) by intragastricgavage for 12 weeks.
Group II (DMBA/Croton oil applied): The animals in this group received topical applications of DMBA at an interval of 72 hours at a dose of 0.05 g/kg in acetone (100 μL/mouse). Starting from the eight days after first DMBA application, croton oil (1% w/v) in acetone (100 µL/mouse) was applied twice in a week for a total of 12 weeks, as described previously by Qiblawi, Al-Hazimi [12] .
Group III (Treated with BA orally): The animals in this group were applied with DMBA/Croton oil similar to group-II following concomitant treatment with BA administered orally using intragastric gavage at three doses; 1 mg/kg (Group III), 2 mg/kg (Group IV) and 4 mg/kg (Group V) respectively for 15 days before the first DMBA application and continued up to 12 weeks after DMBA application.
Group VI (Treated with BA topically): The animals in this group were applied with DMBA/Croton oil similar to DMBA/Croton oil-treated group along with topical application of BA at a dose of 4 mg/kg prepared with 100 μL of 0.05% Tween-80 for 15 days before the first DMBA application and continued for 12 weeks after DMBA application.
During the 12 weeks of experimental period, the animals were observed daily for the appearance of skin papillomas and the tumor volume was recorded. At the end of 12 weeks, all the mice were sacrificed and the skin samples were collected.
Evaluation of parameters
In vitro cytotoxic efficacy of BA on SCC13 and PBMC cell lines
Cell Culture
The SCC13 cells were procured from ATCC (Manassas, VA) and human PBMC isolated by density centrifugation of heparinized blood of healthy donors using dextran T-500 sedimentation method [13] . The cells were grown adherently in RPMI-1640 media supplemented with 10% fetal calf serum, 100 U/mL penicillin and 100 µg/mL streptomycin at 37°C in 5% CO 2 /95% air.
Cell Viability Assay
The viability of the cells were determined using 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay. The SCC13 and PBMC cells were seeded at 5×10 3 cells/well in 5% CO 2 at 37°C in RPMI medium (containing 10% FBS, 100 units/mL penicillin and 100 μg⁄mL of streptomycin) in 96-well plate. After overnight incubation to allow cell attachment, the RPMI medium in each well was replaced by media containing various concentrations of BA and incubated for 48 hours. Further, 20μl of MTT (5 mg/mL in PBS) was added to each well and the cells were incubated for another 4 hours at 37°C. The supernatants were then aspirated carefully and 200μL of dimethyl sulfoxide was added to each well of the microplate. The plates were shaken for an additional 10 min and the absorbance values were read by the Microplate reader (BioTek, USA) at 570 nm. Cell viability was calculated as a percentage using the formula: (mean OD of treated cells/mean OD of control cells) × 100. The results were expressed as percent of control or normal cells.
Determination of the in vivo chemomodulatory efficacy of BA on DMBA/Croton oil induced skin carcinogenesis
For determining the in-vivo chemomodulatory efficacy of BA on DMBA/Croton oil induced skin carcinogenesis following parameters were used.
Morphological examination of tumor
Measurement of body weight
The body weight of the individual mouse was recorded initially and at one week intervals till the end of experiment or death of the mouse.
Tumor incidence
The number of mice carrying at least one tumor was expressed as a percentage incidence.
Tumor burden
The average number of tumors per tumor-bearing mouse was assessed.
Cumulative number of tumors
The total number of tumors seemed till the end of the experiment protocol were estimated.
Tumor diameter and tumor volume
The tumor diameters across three dimensions were measured using a Mututoyo Digimatic caliper (model 500-196-20) . The tumor volume was calculated by the formula
, where D1, D2 and D3 are the three diameters (mm) of the tumors [5] .
Tumor weight
The weight of each tumor was measured at the termination of study protocol. At the end of 12 weeks post DMBA application, the mice were sacrificed. The skin samples from each mouse were processed.
Estimation of oxidative injury using skin tissue homogenate
The skin tissue was separated and washed several times in an ice-cold saline. The skin tissue (100 mg) was carefully chopped into fine pieces using the surgical blade. The minced skin tissue was homogenized in an ice-cold phosphate buffer (pH 7.4) with help of a homogenizer (RQ127A/D, Remi, Maharashtra, India). Typically, the homogenizer was set at a speed of 1000 rpm, 10 strokes for 30 sec for 2-3 times at4°C were applied to get a complete homogenate of the skin tissue. The resultant homogenate was centrifuged at 20000 rpm for 5 min at 4°C. The tissue debris was separated as a pellet and the supernatant was pipette out. The skin tissue homogenate was stored at -20°C until further use. The aliquot of the homogenate prepared in chilled conditions was used to estimate the biochemical parameters.
Estimation of glutathione (GSH)
The GSH contents in the skin tissues were estimated by the method of Majed et al. (2015) [14] . Briefly, 100 µl of tissue homogenate was mixed with 100 µl of 10% trichloro acetic acid and vortexed. The contents were then centrifuged at 5000 rpm for 10 min. Subsequently 0.05 ml of supernatant was mixed with a reaction mixture containing 3.0 ml of phosphate buffer (pH 8.4, 0.3 M) and 0.5 ml of DTNB [5, 5′ dithiobis (2-nitrobenzoic acid)]. Within 10 min, the absorbance was measured at 412 nm using a spectrophotometer. The GSH content was determined from a standard curve produced using commercially available standard GSH (Sigma Chemicals, MO, USA). The amount was expressed as μg of GSH/mg of protein. In samples, the GSHPx [15] activity was measured by quantifying the rate of H2O2-induced oxidation of GSH to oxidized glutathione, catalyzed by glutathione peroxidase (GSHPx).
Estimation of lipid peroxidation
The level of lipid peroxidation in the skin tissue was determined by measuring the MDA content using the method described by Divya et al. 2016 [16] . Briefly, 0.2 ml of homogenate was mixed with 0.2 ml of sodium dodecyl sulphate (8.1%), 1.5 ml of acetic acid (pH 3.5, 30%) and 1.5 ml of thiobarbituric acid (0.8%). The reaction mixture was heated for 60 min at 95°C and then cooled on ice bath. After cooling, 1.0 ml of distilled water and 5.0 ml of n-butanol: pyridine (15:1 v/v) solution were added and centrifuged at 5000 rpm for 20 min. The absorbance of the pink color in organic layer was measured at 532 nm. In spectrophotometric measurement of lipid peroxidation, 1,1,3,3 tetraethoxypropane (Sigma Chemicals, MO, USA) was used as the standard MDA and levels were expressed as µg/g of protein.
Estimation of catalase activity
The catalase activity was determined by the method described by Saleem et al., (2015) [17] . Briefly, to the tissue supernatant (50 µl), 1.0 ml of 50 mM phosphate buffer (pH 7) and 0.1 ml of 30 mM hydrogen peroxide were added. The absorbance was read at 240 nm on every 5 sec for 30 sec on the spectrophotometer. The activity of catalase was expressed as U/mg of protein.
Estimation of superoxide dismutase activity
The SOD activity was determined by the method of Sharma et al., (2015) [18] with slight modifications. Briefly, to the tissue supernatant (100 µl), 2.85 ml of phosphate buffer (pH 8.4, 0.1 M) and 50 µl of 7.5 mM pyrogallol were added. The absorbance of the resultant mixture was measured on the spectrophotometer at 420 nm for 3 min at 30 sec intervals. The enzyme levels were expressed as U/mg of protein.
Histological evaluation
The skin tissues were fixed in the buffered formalin (10%) and cut in to four segments and embedded in the paraffin wax. These formalin fixed paraffin embedded sections were cut to get the serial thin sections of 4 µm thickness and subjected to the hematoxylin and eosin (H & E) staining protocol. These sections after H&E stainingwere examined under the light microscope (Nikon, Tokyo, Japan) and digital images were captured. The slides were evaluated by a qualified experienced pathologist masked to the experimental groups and treatments. A minimum of 10 fields for each slide were examined and scored.
Statistical analysis
The data were expressed as mean ± SEM and were analyzed by one way analysis of variance (ANOVA) followed by Bonferroni's multiple comparison test or Dunnette's post hoc test using the Graph Pad Prism software version 6.0. The criterion of statistical significance was set at P<0.05.
Results
In vitro cytotoxic efficacy of BA on SCC13 and PBMC cell lines
The cytotoxic efficacy of BA was evaluated in SCC13 and human PBMC cells using MTT assay. As depicted in figure 1 , the IC 50 of BA for the SCC13 cell line and PBMC were observed to be 7.5 µM and 30.4 µM, respectively. The selectivity index for BA against the SCC13 cells was 4.05.
In vivo chemomodulatory efficacy of BA on DMBA/Croton oil-induced skin carcinogenesis
Effect of BA on changes in body weight
A continuing rise in body weight after the beginning of treatment was observed in all the groups and such weight was found to be near normal at the end of the experimental period. The normal mice and the mice treated with BA do not show significant changes in body weight through the experimental protocol.
Effect of BA on morphological examination of tumor
The incidence of tumors starting from 6 th week in DMBA/Croton oil-treated animals were considered 100% and all mice in carcinogen treated group developed papillomas (100% incidence) at the end of 12 th weeks. The oral treatment with BA at doses of 1, 2, 4 mg/kg reduced the incidence of papilloma in a dose dependent manner and incidence in these groups was calculated 89.3%, 52.4% and 36.1% respectively ( Table  1 ). The group received BA topically at 4 mg/kg dose showed 48.2% tumor incidence (Table 1) . The data were expressed as mean ± SEM (n = 8-12 mice). ***p<0.001, **p<0.01 compared to DMBA/Croton oil applied mice; ### p<0.001 compared to normal control group. The figures in the parenthesis show dose in mg/kg (BA: Bartogenic acid).
Figure 1. Effect of BA on SCC13 and PBMC viability in MTT assay.
The cumulative number of tumors in tumor bearing mouse treated with BA showed significant decrease (p<0.01) than the mice treated with DMBA/Croton oil ( Table 1 ). The tumor volume was increased significantly (p<0.01) in the group applied DMBA/Croton oil than the normal group. Whereas, the groups treated with BA showed significant (p<0.01) reduction in tumor volume as compared to DMBA/Croton oil applied mice ( Table 1) . The mice applied DMBA/Croton oil showed significant (p<0.001) increase in tumor weight as compared with the normal mice. Whereas, treatment with BA showed dose dependent decrease in the weight of tumor as compared to DMBA/Croton oil applied mice (figure 1).
Effect of BA on malondialdehyde content
The level of MDA in the skin tissue homogenate of animals applied DMBA/Croton oil showed significant (P<0.01) increase in the level as 221. 
Effect of BA on oxidative stress markers
Oxidative stress was assessed by the GSH content, and activities of GSHPx, SOD and catalase represented as markers of enzymatic and non-enzymatic antioxidant defense systems. DMBA/Croton oil induced a state of evident oxidative stress as demonstrated by a significant (P<0.01) decrease in GSH content (4.01±0.80) and reduced activities of GSHPx (11.40±1.10), SOD (10.22±3.64) and catalase (9.93±1.10) in a dose dependent manner in skin tissue homogenates. However, treatment with BA dose dependently ameliorated oxidative stress as evidenced by reduced depletion of GSH content and restoration of activities of GSHPx, SOD and catalase (figure 3).
Effect of BA on histopathology of skin
The animals in the vehicle treated normal group showed normal skin layers, architecture and structure such as epidermis, dermis and basal layer ( Figure 4A ). Carcinogen and promoter DMBA/Croton oil-induced skin cancer in mice was evidenced by the occurrence of squamous cell carcinoma, exhibited thickening of the epidermis, scratched in the layers of skin and proliferative growth of cell as observed in figure 4B .
The treatment of mice with BA at the dose of 1 mg/kg showed mild loss to epidermis and the layers of skin. Whereas, BA treatment at the doses; 2 and 4 mg/kg showed the normal structure and architecture of skin layers and prevented further impairment to skin tissues thus reconfirming the biochemical correlates of the chemopreventive efficacy of BA.
The animals treated topically with BA at the dose of 4 mg/kg showed mild to moderate inhibition of scratched to skin layers and invasion of epidermal cells in the dermis and formation of keratin pearls as compared to the DMBA/Croton oil induced skin cancer in mice ( Table 2) . Table 2 . Effect of BA on histopathology. 
Discussion
The present study findings reveal that BA elicit selective cytotoxicity against the cutaneous squamous cell carcinoma cell line and markedly suppresses the initiation and progression phases of DMBA/Croton oil-induced two stage skin carcinogenesis by modulating the PhaseII detoxification enzyme and improving antioxidant defense.
The preclinical model of skin carcinogenesis induced in mice by application of DMBA/Croton oil involves three sequential steps of tumor initiation (conversion/neoplasia), promotion (propagation/ dysplasia or hyperplasia), and progression (metastatic). The appearance of papillomas primarily indicates the stage of carcinogenesis [19] . In present study, application of DMBA/Croton oil induced 100% tumor incidence. However, treatment with BA showed dose dependent regression of two stage carcinogenesis. The effects observed in our study are in agreement with a previous report [20] showing chemotherapeutic efficacy of seed extracts of B. racemosa against anti-Dalton's Lymphoma Ascitic (DLA) cells. The activity of this extract was also found comparable to vincristine, a standard chemotherapeutic agent.
The reactive oxygen species (ROS) are implicated in the process of carcinogenesis [21] . The initiation and progression of tumor development and uncontrolled cell proliferation results from damaged or exhausted cellular apoptotic mechanisms [22] . The skin of the mice subjected to DMBA/Croton oil show an increase in the level of lipid peroxidation that is indicative of an overwhelming rise in the oxidative stress. Whereas, this raised lipid peroxidation product formation was markedly attenuated by the BA treatment in a dose dependent manner. In the present study, the antioxidant defense, both enzymatic antioxidants (SOD, CAT and GSHPx) and non-enzymatic (GSH) were found to be decreased in DMBA/Croton oil applied group. However, reduction in the levels of the GSH shows its increased consumption to counteract the elevated level of ROS. The chemopreventive effect observed in BA treated mice can be reasonably ascribed to its antioxidant action. These effects may be contributed to the pentacyclic triterpenoid nature of BA as this class of phytoconstituents possesses potent antioxidant and anti-inflammatory activities [24] .
Glutathione S-transferase (GST) and GSH are elements of Phase II enzyme system, involved in the detoxification of xenobiotics and protection of cellular macromolecules from reactive electrophiles [25] . GST has regulatory role in the mitogen-activated protein kinase (MAPK) pathway through which it can modulate cellular survival and death signals via protein: protein interactions with c-Jun N-terminal kinase 1 (JNK1) and ASK1 (apoptosis signal-regulating kinase). In the present study, we found that GST activity and GSH levels were significantly decreased in the skin tissues of DMBA/Croton oil-induced mice. BA treatment reversed these alterations in GST and GSH indicating that its chemopreventive activity involves enhanced detoxification of oxidative radicals generated as a consequence of DMBA/Croton oil application. Thus, the observed antioxidant activity of BA may contribute to the prevention of the DNA adduct formation by activating GST and enhancing enzymatic antioxidants.
The antioxidant enzymes, especially SOD and catalase reduce tumorigenesis both in vitro and in vivo [26] . SOD and catalase play a key role in the detoxification of superoxide anion and hydrogen peroxide, respectively. BA treatment significantly increased the activities of SOD and CAT that correlates with chemoprevention against DMBA/Croton oil-induced carcinogenesis. Furthermore, lipid peroxidation which is a self-propagating free radical chain reaction leads to loss of biochemical and structural architecture of cellular organelles was found dose dependently decreased in BA treated animals.
BA has potent anti-inflammatory activity and anti-arthritic activity in Complete Freund's Adjuvant (CFA)-induced arthritis in rats via some degree of immunomodulation [11] . Increased oxidative stress induced by the free radicals from activated immune cells plays an important role in the inflammation-induced cancer [27] . Inflammation aids in the proliferation and survival of malignant cells [28] . BA treatment may provide possible protection against chronic inflammatory condition which is well evident in chemically induced carcinogenesis. Furthermore, possible immunomodulation by BA is proposed to be involved in the inhibition of carcinogenesis observed in the present study. In an earlier study, BA was found to reduce complete Freund's adjuvant (CFA) induced rise in the C-reactive protein (CRP) in rats [11] . CRP is an inflammatory acute-phase protein that serves as a marker for systemic inflammation. The rise in CRP is observed during many types of solid cancers and is considered as an important biomarker for the prediction of the outcome of different cancerous conditions and shows a causative relation with cancer. In the present study, CRP levels were not estimated. However, correlating with this property, we speculate that the chemopreventive effect of BA observed in this study may be related to its capacity to attenuate elevated circulatory CRP level.
Recently, BA is reported to possess alpha glucosidase inhibitory activity [29] . Alpha glucosidase is proposed to be involved in the cellular interactions with collagen type-I and IV and has a role in tumor metastasis [30] . In present study, we did not determine the effect of BA on alpha glucosidase or its role in chemoprevention. However, the involvement of alpha glucosidase inhibitory efficacy of BA in the observed chemoprevention is also predicted. The mechanism of action can be multimodal as it has potential to modulate mediators of inflammation and oxidative stress that play an important role in causation of skin cancer. Taken together, the present study demonstrates that BA elicit chemopreventive action however the mechanism is not yet elucidated and need to be investigated.
Conclusion
Based on findings, it can be concluded that BA possess chemopreventive potential and anti-proliferative activity against cutaneous squamous cells by inhibiting carcinogenesis in DMBA/Croton oil-induced mice model via up regulation of enzymatic and non-enzymatic antioxidants. It is noteworthy that BA exerts these effects at oral doses ranging from 1-4 mg/kg.
Our results emphasize that there is a need of further investigation to delineate the molecular mechanisms of antitumor and anti-proliferative activity of BA. Apart from the oxidative stress, other mechanisms like NF-kB pathway activation and related mutations are involved in the DMBA/Croton oil carcinogenesis. Systematic exploration of the alterations in these molecular pathways is warranted to elucidate the exact mechanism of action of the BA as a chemopreventive agent.
